S1. Vermiform morphology of MgTf 2 -PEO and MgTf 2 -PEO/P3HT films
Fig. S1 demonstrates the surface morphology of MgTf 2 -PEO/P3HT and MgTf 2 -PEO film. They crystallized into vermiform crystal structure rather than spherulite.
Fig. S1. The vermiform morphology of (a) MgTf 2 -PEO film and (b) MgTf 2 -PEO/P3HT film

S2. Time constants of vermiform MgTf 2 -PEO device
The MgTf 2 -PEO device responded similarly with the Ba-doped one reported in the previous work. 1 Its adaptive responding behavior made it a proper candidate as an STD artificial synapse in the charging system and an STF device in the discharging condition: the charging peaks decreased gradually with the pulse number to a saturated value positive co-related to the input frequency, while the discharging peaks increased and saturated oppositely. However, the MgTf 2 -PEO device possessed a vermiform morphology rather than the general spherulite ( Fig. S1(a) ). The charging and the discharging current curves were fitted with capacitive exponential functions (Fig.   S2 ). The time constant τ c and τ d were quite different for both the Ba-doped and the Mg-doped devices. 1 In the 142
Hz charging condition, the τ c of the first responding curve became larger when Ba was replaced by Mg: τ c 1 and τ c 2 were about decupled and tripled respectively. In the discharging condition, τ d 1 and τ d 2 became nearly 100 and 10 times respectively (Tables S1& S2) .
The MgTf 2 -PEO/P3HT source device also possessed vermiform morphology ( Fig. S1(b) ) and responded distinctly from the one with spherulitic morphology in the previous work. 2 Its charging peaks varied in facilitation to a certain value positive-correlated to the input frequency (Fig. 1, Fig. 2(b) and Fig. 3(b) ). However, frequency selectivity appeared in both charging and discharging responses of the MgTf 2 -PEO/P3HT device with spherulitic morphology. 2, 3 Its charging signals is in facilitation merely at a certain low-frequency section or some specific voltage amplitudes. 2, 3 The vermiform morphology and ion-pair effect might contribute to the facilitating charging signals significantly. 2 Table S1 ; the results of BaTf 2 -PEO device are presented in the Table S2 . Their time constants τ of the charging curves decrease with pulse number while those of the discharging ones increase.
Table S1
The fitting result of the of the MgTf 2 -PEO device charging and discharging peak curves with 142 Hz rectangular inputs. 
S3. CaTf 2 -PEO and CaTf 2 -PEO/P3HTdevices
Both the CaTf 2 -PEO the CaTf 2 -PEO/P3HT devices were fabricated according to same fabrication processes as those of the MgTf 2 -PEO and the MgTf 2 -PEO/P3HT devices. Their charging responses before and after the paralleled connecting approach are demonstrated in Fig. S3 , in which the W c 40.f variation trend with the input frequency ( Fig. S3 (d) ) belongs to one of the frequency selectivity models shown in Fig. 2 . Nevertheless, the W c i.f variation trend of the source devices MgTf 2 -PEO/P3HT device. device pair (Fig. 2(e) ). (b) to (h) Diverse synaptic plasticity and frequency selectivity generated by combining STD and STF devices. problem, which will need innovative fabrication procedures for the source devices. According to our previous work, since the ionic kinetics in PEO matrix depends greatly on the input frequency, changing its ion species, i.e., Ca 2+ , Ba 2+ , Gd 2+ , Nd 3+ , etc., film thickness or film structure could be effective approaches to the design of distinct synaptic devices. 1, 3-7 Moreover, concerning the ionic conductance environment, fabricating organic semiconductors, i.e., P3HT and poly[2-methoxy-5-(2-ethyhexyloxy)-1,4-phenylenvinylene] (MEH-PPV) with the ion-PEO film into layers or blend system could be another feasible measures to diversify the plasticity of the devices as well. 4 The corresponding trial is presented in which the ionic ingredient (Fig. S3(b) ) along the pulse number.
